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I n N pm«o^«c^^5\^a^^-rs „ 

Ifm^m nMGaAs^l 0 l_htC. nMGa 
As^'<-y:7r®l 02, nS(A 1 o.7Gao.3)o.5 I n 
o.6P:J'7'y H®1 03 , yyT^-TCA 1 o.sGao.B) 
0.6 I ncsPTSPTt^jftSl 04, yyb'-TGao.s 
I no.5P«f^Jil 0 5 a, y^H— TGao.e I no. ♦ 
No.oiPo.99a^«l 0 6, TGao.5 I no.5 

PtflSffllOSb, T(A lo.5Gao.5)o.5 I 

m.5P±m^emmi 07 , pM(Alo.7Gao.3)o.5 
I no.sP^f'^-y KSl 08, pSGao. 5 I no.6 PX 
^'RSjMI 0 9. pSGaAsny^^^hSl 1 0 




1 

i-yi^ffi^-mm^t^^^mimt. <a i zGa,-.)„ i n 

[|f*JR2l GaAsS«[±tC:. Ga. I ni-,N,P 

i-:,)i^mmwt^h^&mmt. (Ai.Gai-.)»i n 

mUGaAsmitm'fm^L. MIEISIiKiitiGaAs 

Z b l,zJii,mm=F^<^:f:.^fl'^~m{iLeDMimh'rt t 
Gax I ni-,N,Pi-yigH^B^f^s**^>=S:^fB^ 

*V AEM + AEatrain + AE«>OS-if3t-r<fc9^rffl[^ 

^mLx\.^i>zti:^mt-t^^i^^&m.. 

[it*Ja4] GaAs*|R±lC. Ga. I ni-xNs-P 

i-7m^mm^i^^j:^memt. (Ai,Gai-,). in 

mt^^-y m^fci±y(mmm^fziimmmt(Dmi>zm 

s fprnmb i:^^h^iii^^mx$> ->x . ms.^ 
miz\ivm^w^-'cyy^ixx\^hzt ^mwit 

[P«JI51 GaAs^il^:, Ga, I ni-xN,P 
i-7m.^^m^(^^^^^mt. (Al.Gai-a), I n 

mt^^'v Ymt.t:.\i^mM^t:.kmmMb(nm\,zm. 
h^^mb^m-^^vm^ux-h-yx. 'jf^j:<b 

[000 1] 

^jh^mmj:if\izmm^mr£^mwM^w,zmti> , 

[0002] 

[ts^Ofifffi] 3(63t»[;S6 8 0nm~6 3 0nm 
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«A I Ga I n P^tJ|^f*ffll,^;^C^f*:l/— TST-^^ii 

m^^ma-htzib. m7\,zm'^:^^J:mmim'^^fl 
•cv^s(!Hf^vo8-307oo5>, mK^wmi. 

(0 0 l)ffi^ig-r^n^GaAs^l±tC. nMGa 
AsA.y7r®2, n^A 1 Ga I n P^^MS . M 
Jp? n mT'^ 1 - 5 %C7)T>' :rG a I n N Pffi^ 
^SFf-^pmSMbrnWA nmiOT^-h'-rA 1 Ga I 

10 n p^m.m.=f-mmm 2 /ifc itxffi^^F^Miiicj^ 1 

OnmtLJtryh'-rteliA 1 Ga I nP^BJ-SIKt 
^StT*i^$ir^#SS^^#FM'f4Ji4 . pSA 1 

Ga I nP5^iSyi5. pMA 1 Ga I n PXy^X h 
•yrJl6, p^A 1 Ga I nPjt^jfeil?, pMG a I 

OS i 02-7X^'S:?gBgU. ^S;^;kX'yf- 
y^tc i D 116 t^MS a T'® 8 i: ® 7 Srx >y ^ViJ^I^ 

20 imVrz^^. nSGaAs^J^^«3R3tlSlRJS9^ 
m^^M-t^o $^>tpSGaAsrJ>'^'i^ h®l 0^ 
«i6a;^^B£:St:tfS. P^l lfcj:tXnm«SI 2^^. 

^-rs. ^t>\,zmm:^i^=y^y'Lxm=f-<m\.zm^v 
X. m7(Dmmm^^^-thm'^in^, 

[0003] H7cO^#flcU-if«^tii3l^Tti. 
Sr^WLJtGa I nNPfl:^#F®^fflv^.S.ri:t2:J: 
0. fE^lfAVK^a^i^tsafcfOO. 5 — 0. 6*-^ 
0. 8—0. 9lC*-CJi±$-ti:Tl-»^. ^ 

30 [0004] 

W]^^\t. A 1 G a I n Pm±.hZG a I n N PfS'^W^ 

mm:^mLtz, ms(r)mmx\t. n-GaAs^2 

l±XZ^mW>Z^ n-GaAsy'?-y:7r®2 2. n- 
(A 1 xiGai-xi)o.5i I no.49P:;'9-y HM(0<xl 
^1)2 3, n-(A 1 x2Gai-x2)o.5i I no. 49 P 
H«(0<x2<xlSl)24, ^fia^#F«iia5 
40 (MQW)2 5. p-(A 1 x2Gai-x2)o.5i I no.49P;i5r 
^YM2.e, p-(A 1 xiGai-xOo. 51 1 no. 49 P^' 7 
•yHJi27, p-GaAs3>':J'^h;i2 83t(*J^^§*I 
X\^h, t.tz. ^M»^#FSP2 5{4. Xf-f K®2 4. 
2 6i:l^ffl^<7){Alx2Gai-x2)o.5i I no. 49 P>''C";T 
■29b. Gao.5i I no.49No.oiPo. 99VStt®3 0i:iO 
ig|S^{CGao.5i I na.i9Pf^f^3 1imX^tttzm 
JSfc^roTC^S, t.tz. msx\i. zjy^i'hm28± 

(,z. ^(>izmstmx'S>i>si02m3 2bpmmm3 3 
■¥m^^ti. tfzm^e^mmiziinmmm3 4imm^ 

50 tlTV^So 



St 
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[0005] IS|8c?)^{*:l— -(^'3^7-tCt>l>r(i\ Ga 
0. 51 I no. 49N0. 01 PcfiavSttliS 0 i; (A 1 x2 Ga 
1-^2)0. SI I no.49Pv?UT/i2 9^/::{4(A 1 xzG a 
1-12)0.81 I no.43P;^f"-f KJi24, 2 6fc<7)Jt#» 
IC. A 1 i:Ni^^i^l^IIl-V]K^^*T'^)^Ga 
0.51 I no.49P4>r^ii3 1^ffALiCt^-SC:ht3i:0. 
ig^«.aif^Gao.5i I no.49No.oiPo.99?Stt@3 

0 ^ff S ^ i: , #afi^#F^iit«0%5\^**lM 

[00 06] tZ^X\ V]K7C***As^PA>ib=5:SII 

1 - V]^^#*f^4tc^^t t'CMS(N) ^vtmmjtMt 

^WE^Mi-r^fet-s. mz. umymt lta i ^ 

Gal nNPvgttJgt. gSSr^V^T l^^iffl^<7)G 
a I nPtp^m<7)^<yV^y^ T^^Mi. mi ia.)iZ^ 

mzimxmmi>zjs\,^x . »^-?fc0s-^^iE 

[0007] 3|s^Bj{i^ ll5KS&*&|6l±;5-«i:l.^fc«0^ 

1 G a I n N p^ff)^mi^mt^m^mm-t Z 

b^UmtLX\>^h, 
[0008] 

13. M^3S 1 £«<0^{i. G a A s SfiLhlC:. G ai 

I ni-.j^yPi-rM^mm-^^hmM}i. (ai. 

Gai-i)„ I ni-.P^'^-y H®4/l{i3l£#a»14^:Jil^ 
BUlB+ISeti, GaAs»|Rtf&^»^L, BUie^ 

3\yi{4 G a A s mmizsit Lx smm^^ Lx\i^^zt^ 

[00 0 9] tti. ff*Ja2iBm^f&HB{4. GaAsS 
fi?±tC. Gax I ni-xN,Pi-,Ma^«cA»^>^:SI63fc 
Jit. (A 1 zGai-z)» I ni-„P^'^-y VMttlli^m 

V M II - vm^m-i^^^ ^mm t ^ w-r ■& 

Haie^BOT{4GaAs»fi[tC^ftTai3BS$-*fC 

[00101 mmswmwmt. mimi t 
fz^im^2s^m(^^i¥^^m^zii\,^x. aen^ 
m.mi:mwth ^ t i,zx?,mvFm<^:j^^)i'^~m&<r) 
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;;i-?«x^.;pdE=-?te{4tf»,)^=^[li: 1 1 . A Ev $r 1 1 1 myimm 
fS.irl^l'-m^^m^t^'^ttiZ t IZX |.«1E-7-':-if<0X;t. 
/U^—miS.CO^it&b-ri>t^l,Z. Ga, Ini-.NyP 

l-yigH^H*#f*:*»^>^S5BK/i*^ AEN + AE = train + 

A E» > 0 ^pJti-J; ^ =5:ffljig^* LT v^S i i: 

[00 11] 4;t. ^*Jl4iem<0^BB{4. GaAsS 
M±.iZ. Ga. I ni-,NyPi-5r^^^|i#fls*-4>>5r^f|^ 
ili:. <A lzGai-z)« I ni-^P -y l^MttM^ 

mtfzimmmt</ymzmm^ii.ti^ a \ tNtr^t^ 

^mmrh-yx. mmmemiziij>mpmm^}^-\z'y 

y^tix^^^zt^mmt Lxuh, 

[0012] m^5Em<r>^mi±. g^asx 

m:.l,Z^ Ga. I ni-,N,Pi-,^|fei|i#«s*-^>^^|^ 
mt. (A IxGai-z), I ni-«P:7^'y H^4^{43e# 

Jg4:^c«l^^i:t7)^l=«;i$tt/c. Al i:N&#4=3r 
20 C^III-Vil¥#«£*>ii>^^4J^i:$:Wr-&^#«s^ 

mtLx^^?,. 

[00 13] 

[^<?Dii)ffio?g®] Jar. ^^m(^msmm^mmiz 

^mmt. GaAs*«Lhl;. Gax I ni-,NyPi-yM 
a^#«S3&»/^^-&^jgi:. (AlzGai-z)«I ni-wP 

Al i:N^^i:^v^lll-v:K¥^#*^'b=5r-S4'im 
JBfc^^TLTfeO. ZZX\ '4'^«{4GaAsfflRi:fg 
^fi^L. ^&3KJl{4GaAs»«ilC^*t-rJEiffiM^*t 

[0014] it-^m^m^i}*(>^i>^'r\:tmmi>ztnir& 

Ec. AE»{4iJi:^T^$it€., 
40 [00 15] 

[^1] AEc = -2a{(Cu-Ci2)/'Cii}e 
AE« = 2a' {(Cii-Ci2)/'Cii} e-b<(Cii + 2C 
i2)/Cii} e 

[0016] zzx\ aiiimm^<7)mA<.s^m^7'yi^ 

[0017] 02 (a)tC{4. ±ieiOHarrlsona^i:JEE^ 
MI,zX^:x.:^fl'^~-^&<^i^y hi)^h^libtz. GaA s 
50 MLhlCffiiffl^Gax I ni-xPi&J^figt;ti:SO^^ 



5 

0 . 5 2 J; 0 t>/J^?^ < LT . llt^JESSffi^*^-^ J; '3 1 

i^yh-t^^ttf^hi)^^. m-oX. fp^mtLXGaA 

TffiffiSGa I nNP^fflV^Sfc. 131 (b)ic:^-r±3 

hRAmm^tiX , G a I n P ^a^Jf WflSfS^^ys'^ 
H^iigg*vh§ < . ^iilc i 0 . G a I n N Plfe^fc 

[00181 it^. :^^m>m2<7)mmmm.<n^t^^ 

^mmi. GaAsmLtiZ. Gax I ni-xNyPi-yig 
i^mm^^^^^^t^ (Al,Gai-z)» I ni-«P 

ilfc^WLTiJO. ^CIT. *^SaGaAs^i:fS 
^^^L. ^^63t«{iGaAsa«t;iMtTai3^$r*L 
TV'S. 

[0019] ^^^^W<r>MmmiSL^^}i l.fz^ 
^T3S i: \yKMZ'0\. \X , 

0IJi.{f ISJR r Appl . Phys. Lett. , Vol . 60. No. 5. pp. 630-632 
(1992) J 1}-hi>^i>^hifi'C^h. t-tl. <t-^^mW 

[00 20] 

[iC2] AEc=-2a{(Cii-Ci2)/Cii} e 
AE« = 2a' {(Cii-Ciz)/'Cii> e + b {(C11+-2C 
\%)/C\\)e 

[00 2 1 ] 02(b)tC{i. GaAs««Lhtca(3S5G 
ai I ni-^P^m^\^fzt%(D^^hmWm<7):c:^ 
;U^-U"<7^Ec. E»^^«)}tM*36(»'S^$<x'n^l.. =5: 
i5. ^m.(r>^^'7Jt~m. Gafflj^Mxt^S, 02 
(b)3&>^>. Gaffl^x^lS^=^^^(J^-C*Sx=0. 5 
2 J:»3 <t-C. Htc^lSSSi^^r-rs i dtcL-Cv^ 
< i: . flSS^^^WX^f/l-^— I/'ii;P'E»*«G a A 

-r set ta!-^T, t^^^S®i:LTGaAsi:^S 
^S^i-SGao.5 I no.5P$-fflVK tT?l56 
SGa I nNP^rfflV^St. 01 (c)tCS^f i 313. ^ 

fiim^ixT, Ga I npx^mm>^(nmw^^'^yYT^ 

a I n P fpmm^COJEil<^mtL^A^^ K-t^Zt ifiX' 
[ 0 0 2 2 ] ^rtJ . 3\mM0)^lzliJ±mM(r>^i:li 
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^=5:0 , 122 (b)*>A.i9*>2. i d ic. »!lfTSS*>i^ax 

«ST LT L * -) tOT'. ^l5SJgG a I n N P^fi^tii^OiS^ 
^!?TSS*V tS^B^Ga I nP4>|^<OfE#^frFSSi 0 

[00231 ttz. ±iRioigi , m2(r>mmmm(r>^m^ 

10 #:^3^atC*3l'^T. Ga, I ni-,NyPi-,^^^li^fts 
[00241 

[^31 AEN + AEsttain + AEv>0 

[00251 .l^T'. AENttS^^^lirrsefctcJ: 
SWfi^=^«x:f;U^-IMl[(W^WE«co^'fLft. A 
E«trai„{i^^jDi.3t e i: i,zi. i,mmr^(r):t.:^>-)V^~ 

AEv{4IIIfie7C*ffl^S-^S 

20 mmv^v)K»<r)^^x'h^. 

[00261 Ga I nnPmMifi±^m3)^mrz't 
%&tC(4. m=f-m^Gal nPtii*^t^7-umiki:m 

afci^:S(^-fr ic7)toi=^s). z(Dm^izi±^ 
mm^tmmr¥^jE^i(7)mif^G a i n NP^emizm 

[ 0 0 2 7 1 if^. ^mm^3<r>mmm<r>'^mw.^ 

^mt. GaAsSSit. Gax I ni-xNyPi-,ig 
30 H^H¥^«t*^4^S^®i:, (AlzGai-z)-! ni„P 

Ai tnt:-^^^j:\\\u-yrwmm-h^j:^^^ 

[00281 ^^flsiitCpS:i^*e!i«J^ h'-ev 

-MlCi^^h-rs. 'VTToSE^Ta. 7i;L'5?p{a3&^- 

40 I nNPlBeSWpSF-l^Vi/ifilgiOt.iftV^mi^ 
{4. Gal nNP?Bl£M£Oflii®^=^±SSt±y:^H— :r<r) 

G a I n N P^;XM<^mm,'i'^±tQtm^'^G a I n 

1&WIM^^<^^, •t^h'h. Gal nNPlBtBOfilS 

m-?=fs=±^{4, *&^s^Ga I n Pfpmm(7)mm=m± 

1(e)). ^oT. plB:=m!|fe(0®aiA«^fci33t^T, 
Gal nNP^^mtpi^Ga I n P4'iaffl-^<'5iEfL<Oii 
50 <xSr/h§<-r-&<li:35«-C^. eMc:J:oT. 
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[ 0 0 2 9 1 -4^m\oM4<;mmm^&<r>^=m\m 

^Wii. GaAsffi«(.Bc, Gax 1 ni-,NyPi-y?I 
„^a-t-^flS3!,»<i>^SfB\ygi:. (AlzGai-z). I ni-«P 

[00301 -^d. ^fisJglZnS^i^ifSj^ b'-t:^ 

arts i ^ i:s^$n-S3t*f), aA^^ 'J rmm^G a 
(±. G a I n pti>mm<r>mv.T^±miiyy K-roj© 

a I nPtti^JliOWm^^^iSigtGa I nNPHJKJii: 
OfiBm-l^^N'>'h'^^{i/h?<=5:-S. ^i>*>, Ga 
I nPtti^(7)|iili^_h^{i. Gal nNP5B\S««0 

ic^sdai (f )). (Mo-c. m^mMi,zi5\.^x . Ga 

I nNP5B^5S*»^>Ga I n P4'^Ji'^(?)IE?L<7)iftfl^ 
[00 3 11 

mmm^ mmi 

mw>zi:h^wm^m.cr>mwmt^j:r,x\.^:h, 03 

Sr#ra>r^.i:. nMGaAs^l 0 l±t, nSGa 
AsyC-z^rSl 0 2. nS{A 1 o.7Gao.3)o.5 I n 
o.5P^'5'-/ h'gl 0 3 , y>Y~-r(A 1 o.5Gao.5) 
0.5 I no.5PTa53lS»a[ei 04, y >- h'-TG ao. 5 
I no.BPtf^Sl 0 5 a, y^-H— :rGao. 6 I no. 4 
No.oiPo.93^Jll 06, y>'H— :rGaD.5 I no.5 
Piii^JSlOSb, ^^^-^(A lo.5Gao.5)o.& I 
no.5P±3P3t#SS[Jil 0 7. pM{A 1 o.7Gao.3)o.5 
I no.5P:^5-y Fiil 08, pMGao. 5 I no. 5 P;^ 
f-^^ 9^iM\09 . pMGaAsn>^':J' hJll 1 0 

[00321 icir. «-Ji£0«gaBK^:firj£t Lxii, * 

<S^S^«^^SrfflV%;t. ifv:. nM(Alo.7Ga 
0.3)0.5 I no.5P^5>y FJil 0 3<r>mWXtl uva^. J 
^H-r{A lo.5Gao.5)o.5 I no. 5PT^3(^^M 1 
04O^Jp{i0. l/zm. y:^K— yGao.5 I no.sP 
+iaJil0 5a<7)ilJ¥ii2nm, yyH-TGao.e I 
no.4No.oiPo.99f63l6Jil 0 6«0M^{i3 0nin, y 
yK— TGao.5 I no.sPtf^l 0 5 b fDJilffi 2 n 
m. yyH-r(Alo.5Gao.5)o.5l no.5P±g|53l^ 
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^Jgl n 7CJii)?(iO . .l//in. pM(A 1 o.vGao.s) 
0. 5 I n 0. 5 P ^ ^ ••/ H Ji 1 0 SCOJiJ-f ti 1 H rn , pMG 
ao. 5 1 no.5 PX^-nM r^igjiliii 1 0 9 <7);ili:{d 5 0 n 
m, pMGaAsrjy:J':^hJil 1 0C7)SJ?{40. 5n 

[0033l-?-LT. pMGaAsnv^^' 1 1 0 

S®fll3&|gHt2S i OiWmmx 1 1 &«IKL, :7 
^ hU y y — fc X </ f- >- i^t^ J; -? T P M G a 
10 AsnyrJ'i^Mil 1 0±<7)S i 02«iigiMl 1 1 2:^ 

\ i^mm\^tt. a^. nSGaAs^ 

[00341 ll3<0^#fl£^-if«^T'«±. A 1 S-fli^ 
TC^i: \^X^tsJVY—T{A 1 o.sGao. 5)0.5 I no.5 
P3t#jSJil04. 1 07i:. NSr^mfi^TC^tL-r-i-tf 
y>'K— TGao.6 I no.4No.oiPa.99lBteBl 0 6 t 
<7)imt, A 1 i:N^^Sj^7n*i:LT#*^t^y^h'-:r 
20 Gao.5 I no.5Ptt»l^iIl 0 5a. 105b*qfA?iX 
TV^^. .lixfcj;'?. yvH— y"Gao.6 I no.4No.01 

Po.99^Jii 0 6<7)jg^$-e5f#L'C. ^moymt 

m^^^k.^^X\^h . 

[00351 ^t^ilZ^ y>'|*— y°Gao.5 I no.5P4»fS 
®105a, 1 0 5b{±. GaAsSKl 0 1 tJi:tLT 
m^»&-r^ffljKi:=^'5Ti3 0, yi^K-y-Gao.e I 
no.4No.oiPo.993fiBt® 1 0 6{4. S^Kl 0 llcML 
0. 6%«§(3MS^*LTV^^. ISi^^L:tGa 
0.5 I no.5PcfJra® 1 0 5a, 1 0 5 btc:g^{N) $■ 1 
30 %^A-r.& i: . ^^W,m 1 5 0 m e Vi^/JsL, 
=^m^Mfr>:si.^jV^-Wmm l 8 m e V^t) a 
Eii3t'{tffiT-r-S.{AEN=l 8meV). —-^ . Ga I n 

(■r=5:;b-^. mtfGao.e I no.4P t L:t^tC{4). 
^2(b)J;>3, Gao.6 I no.4POfii^^±4g<OX:^ 
/l.'dc^— i^atiG ao. 5 I n 0. 5 P l^lJf^T , *«? 3 4 m e V 
±^-r.S.(AEstrain + AEv = 3 4meV). ^oT, 
AEN + AE»trai„ + AEv>02:»IJS:tTia'9. JVY 
-rGao.6 I no.4No.oiPo.99^&3fcHl 0 6«0fffi^^^ 
40 =i^±^(4. y:^K— rGao.6 I no.sPtfJl^Sl 0 5 

a . 10 5b cofiBm^^'^±^ J: 0 1 ±t:fi[S-r«. J: P 
55:^(^1 (d)). 

[00361 t-tz. yyh'— rGao.6 I no,4No.oiP 
0. ^^mm 1 0 6<^fe^^^<0ai;t-/l'^-l^{4. y 
>'H— 7°Gao.5 I no.sPtf^® 1 0 5a, 10 5b<?D 
^^^^J:'?*>*!>8 0meVffiT^S(iai(d)). .1 
nt:lJ:0. yyK— -rGao.s I no.sPtfJ^ei 0 5 
a, 10 5 b i:y>' H— rGao.6 I no. 4 No. oi Po.99 
mm 1 0 6«0DH<f J&(rr;l^7^D®^igJt)(4;J'^ 
50 r I t^^rS . «&o-C . ^^m^^ t fiili^^^^iEiliOMir 
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AVyh'— TGao. 6 I no. 4 No. oi Po. noi^-)liJS 1. 0 6 

[00371 ^ioj; '3 mmm i -m. fpmmt lt 

GaAs fc-I^M-^-r-SGao.s I no.sP^ffll,^, 
mtLXWjmGa.1 nNP^fflV>TV^-S,>ty). 
(N) Sr^AtJt^ hmm.'T-^^'iy l^i^i^y h& 
fjmm^tlX .Gain P'P\mt<r>iMmrFm^'^y h'^ 
^///h$<=SrO. CliXtli-^T, GalnNPfg^tii 
*»<i> G a I n P 4'llii'v<oiE7L<0^ii^»/l^$ < "TS ^: 

[0 0 381 mmm2 

mMiii^\^mmi±mmm 1 1 mmizLxmfS. Lti , -t 

^h-h.m4^^m-t^t. yyh'~r(A 1 o.5Ga 
0.5)0.51 no.5PTm^mmi0 4:±l,Zii^ ®/j2n 
m«y:^H— rGao.5 I no.5P4>ISei 0 5 a. if/p 
3 0 nmiOy>'h'— 7°Gao.45 I no. 55 No. oi Po. ss^l 
5te2 0 1 , ®Ji:2 nnnTjyvK— TGao.5 I no.sP 20 
ffHSlOSb, y^-K— 7°(A 1 o.5Gao.5)o.5 I n 
0. 5 P±gP3K^jSe 1 0 73&«Jl|Stc8[ii$^iT V^l, . 
[00391 m4<D^^ii:)y—*rm'FXii. A 1 Srfllfilt 
TCfgi: LX^tsyyY—TiA I o.sGao. 5)0.5 I no. 5 
P3\^^104. 10 7fc, N^MfigTcSiiLT-^tt 
yV-K— TGao.45 I no.ssNo. oiPo.93^l3KJl2 0 1 

bcomz. A I bN^mmtmbLx^t^\'^yyv~ 

7°Gao.5 I no.5P4«ISSl 0 5 a, lOSh^WUfX 
V^^itl^i 0. y^-H— TGao.45 I no.55No.01P 
0. 99^3^2 0 1 (D^^^mfiSm^tl. 5B^*^|fiI± 30 

[00401 ^i^lz^ y>'K'-:rGao.5 I no.5Ptf»^ 
SI 0 5 a. 1 0 5b{4. GaAs^l 0 ltC>[ffC 

fS^fi^-r-sa^fc^oTtJO. y>'b'-7-Gao.45 1 

no.55No.oiPo.995BM2 0 l{4B^tcStLT, ^ 
0. 5%i0jBBffiM*WLTI.^&, t&?«-^LJtGao.5 
1 no.&Pt:Ni&l%#X-r-Si:. ^^^^±^15 0 
meVaS/ht, fiiii^^®±S|g<^J:^^;W=^-Jp<at4*^ 1 8 
rn e V (T^U^fV^ AEtirSfi&Ti- ^ ( A En = 1 8 m e 
V) . Gain PC0m^i:^X.Xmm.i:^-t^ 40 

i a L/::i^l:rti(-f-55:*)*>, mi.ifG ao. 45 1 n 
o.55Pi:LJtJ^lC{4). 02(a)J;O, Gao.45 I n 
o.55P<7){ffi^^^±^J:;t-;l^:?(^— ipfifiGao.b I n 
o.BPlZjt-^T. *«;3 3ineV±#-r-5(AEstradn + A 
Ev = 3 3meV), ta^-oT, AEN+AEatrain + AE« 
>0£-iflJELTi3 0, y>'h'-rGao.46 I no.55N 
0. 01 Po. 99163^2 0 l<Offfimi=^±9S{4. yvH-r 
Gao.s I no.5P4»^l 0 5a, 1 0 5 b J^filf-?^ 

[004 11 t.fZ. y^H— yGao.45 I no.55No. 01 50 



If 1 1-307880 
1 0 

Po. 9o|&-)tii2 0 l^.^»l[i-Ti«8<7:)X.-^^;kdi?_?{6<i{i^ 
y>'H— TGao.B I no.5P4>lHliil 0 5 a. 10 5b 
tOfE^TSffi-J: 0 t>TWi/»S (Hi (d)). m-yX. 
y^-K-rGao.s I no.sPrfilSIiil 0 5 a, 1 0 5b 
fcyvH— y"Gao.4b I no.ssNo. oiPo.99%7l£®2 0 

1 COD v[mm<i^r>\^f-\:tm-^mm)ii^-( r i iz^ 

— rGao.45 I no.55No. oiPo.995B\S^2 0 liZMfp 

[00421 ^coj; 3 iz. mmm2X'ti. ff^mmt lx 

GaAs t^&ffi^-T'&Gao.B I no.sP^fflVK 1^ 

mtLxs.mmGa.1 unp ^m\>^x\>^hfztf). mm 
(N) ^SA -5^ii!ili:^^>'^'>' h'ssoi^7 ha 

i)mm^tlX. Gal nPtf^S^ii:^^^illi«^=^^^'>'^'^ 
itgg*«/h$<^0. CliitCi-pT. Ga I nNPIlJ^iJi 
*»/i> G a I n P 4«iaii-^<0lETL(0jSh.S:/jN$ < f :i i: 

[00431 Sl{fefla|3 

•rs?-) 0 . nsfeM 3 (0 5 ) {±. 2|si&H^c7) 

m3<r>mm}m<^m^mt^'yx\.^^, lastisv^T. 

^i3*>. ll5Sr#M-r«.t. y>h'-r(Alo.5Ga 
0.5)0.5 I no.5PTgP3^«^l 04±t::{i, «J?2 n 
moyyh'— TGao.s I no.sP't'raBl 0 5 a, MJ^ 
3 0 nmCOMg yGao.5 I no. & No. 01 Po.ggl^ 
B30 1, Jfff2nm<7)yi^F— 7°Gao.6 I no.sPcf 
KJil 0 5b, y>'h'— T(A lo.5Gao.5)o.5 I no. 5 
P±^^mmm 1 0 7 A-^«SitTl^^ . i <rT% M g 
:7'Gao.5 I no.sNo. oiPo.995l3l£®3 0 ICOMg 
h'-tfy^ig^{42X 1 018 cm-Si: i,f^^ 
[00441 Gao.s I no. 5N0. 01 Po. 99t3pi?:?*fi??S 

iJ^-m-^JaoliZ^^tihfzib. ^^^UT^m^ 
Mg\i~\::y^^mmi:K)iii&\'^mmxii. MgH-rc 
ao.5 I no.5No.oiPo.995Bt^3 0 l<^0ft^±SS 
tSyVH— rGao.5 I no.sNo. oiPo.99<OJ^{Cifc'^ 
TlSJ:^;^df-MtCi^7h-ri>. ZtliZi*). MgK- 
7"Gao.5 I no.sNo. 01 Po. 99^3^)13 0 1 tfOW^^:^ 
±fig{4y>^H-TGao.5 I no.5P«f^l 0 5i:OfjB 

mf^^^y H^^^i^M^s < o t^^-^ , M g b-- 

7°Gao.5 I no.5No.oiPo.99^5tW3 0 l<?)ffili^^ 
±^{4y y V—TG a 0. 5 I no. 5 P tp^m 10 5 «^)fif^ 

s(0i(e)). s!-dt, mz{mAmmicti\>^x . Mg 

H— :7'Gao.5 I no. 5N0. oiPo.995l3\yi3 0 l*»^>y 
VH— TGao.s I no.sPftilS^il 0 5a, 105bA. 
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1 1 

[0045] mmm4 

ti. -t^h-tb. mei^mt^t. yyK-7°(Aio.5 

Gao.5)o.5 I no.5PTgP3E#i^l 0 4±tC{i. M 
2nmt7)S i 7"Gao.5 I no-bPft^Kif 4 01 , M 
W-3 0 nmiOyyh'— TGao.b I no.sNo. oiPo.99^ 
3^yi402, iilf 2 nmcoyyK— 7°Gao.5 I no.sP 
4"HJil05b, yi^H— T(A 1 o.5Gao.5)o.5 I n 
o.5P±a53K#S[Jil0 7*>'SJi§tl.TV^-5. ^^T\ 
Si b'— TGao.Bl no.5P4i|SJl4 0 icOSi K— fc" 
>"fmmi± 5 X 1 018 c m-3 fc L,/^.^ 
[0 04 6] Gao.5 I no. 5 PfcnM^M?^J"Ci5-5 S i 

y-iJ^igJKJ; 0 i>ffiV^®i^T-t±. S i K-:7°Gao.5 I n 
0. 5 P 4*^4 0 1 OfilG«^±3g{i:y >- H— :rG ao. 5 
I no.5PtO%&t^Jt;<T<£:t:^/l'^-fflJfc>'7h-f- 
i.. Cl^ltCiO. S i h'-TGao.5 I no.5P+^@4 
0 l<0flllim^^^±Sf8{i>'>-K— rGao.5 I no. 5 No. 01 

Po. 09fi3^4 0 2t<Dmm'm^^y ]^^m^M^^< 

-f^hib, S i h'-7"Gao.5 I no.&PftJ^®4 

0 10fl5m^-hSS{±y>'H— 7"Gao.5 I no.sNo. oi 
Po. 09meM4 0 2«fiBm^^±SBcOJ:4^/l'=¥-fiaJ: 

*) i>Tlz&mti> i o iz^i> (01(f)). m-yx. mz 

i&&:Kmmi>zti\,^x . y>-H-7-Gao.5 1 no.5No.01 

Po.09fBKii4 0 2*»/^S i t*— rGao.5 I no.sPtf 
^4 0 1 -^iOiETLOiifi^/h^ <-t^Zt ifiX'^ . % 

mim^imt^ z t ifix'^ h . 

[0 04 7] 

\.mi<mm x;xi},zmm^tzi:o\iz^ m^\^m<n 

Wfi\,Zi.il\i. GaAs»^±l;:, Ga, I ni-.NyP 
\-7^:^mWti*hts:i>Wmt . (AI,Gai-0»In 

1 p ^j' ^ <y Ymt.td,t^^mmt.fz\m^ t . ^ 

m^ftti. Ai i;N^#i^:v^iii-V]^5f^#s&>^>5: 
GaAsKeCisf&l'S^L, Hine^T^tiGaA 

[ 0 0 4 8 ] iJt . wm'2.^,<rmmzi.iUil^ G a 

AsKfiLhl^, Ga, I ni-.NyPi-y?g^H¥#«c*>^>=5r 
•S^Jii:, (A IiGai-z), I ni-,P:J'7 y Hii43t 
\i!im&mt.fd,mm^i:: , 5l3»yii: ^ -y Hii* 5t« 
3\^«i;tttl^MSfc<7)^lcWJl$tt^. A 1 i:N$: 
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1. 2 

^f*c^^-)t:^^'CS> o X . ]j!jia4'rn1Jit±G a a s *g 
-T-K^ L . HijfEIOiJgtiG a A s SIRtcM LT ^I3g^^ 

$ < S i i: ii^X'^ . WJm^^'im'i-h Z t i)^X'^ 

[0049] tti. tmm3$mcD^mi,zxtnt. 

En ^ gfg^-^jD^^ ; t J; ^ ^<?)X 
(r>3:.:^^)U^~miL<r>^iiAt-t^t^iZ. Ga. I ni-, 

NyPi^ym^^m^ii.^^mtm-¥. aen+ae 

strain + AEv>0^^3t-rJ;-3^ffl^5r^rLTl^^O 
Ga I nNP5l5^58fc?&^-^Ga I nPtfi^^i: 

X'^'rx:tmmi:m^-t^ t . nr-f nf'yj^ffi^^ 

Ga I nNP^3tBl:imtf t. S^<7)^B(^^$:|6]±S 

20 [0050] t.fz. l»^Jl4iE®tOfgBHt -tfLjf . G a 
X I ni-xNyPi-y^«lC{±pM^*e!H!A«H-e>'j5^$ 

ixTv^-so-e. ^^sf-vurs&jgi&^'Ga I nNPifejea 

WpMb-fVi^^ffigiOtiKV^^J^-Cti. GaInN 
Pl63^i7){ii6^^±Sg{iy h' -7"iOJ^liJt^Tffi 

pSK— yGa I nNP^®A»^>Ga I nPtfi^ 

[0051] mim.3^<7^mzi:iv\t. 'y^j: 
30 < i: t nM^? 7 «y HiilBlliiStt^vltf^Jit^W r^.m?m^ 

Jl«OnMh'-br>'i?^jgKj;0ti£uffli^'ti. ■fSif^O 

MtCi-^hL. S^oT, <g^A^^lCt5V>-C. Ga I n 
N P5B^A»^ nM h'-r*^^iOjE?L<^?itt^ 

[0HiOjSm>3:|}iBB] 

[01 ] #^«s^SStOGa I nPcf»(S®fcGa I 
40 [H2] GaAs*;KJi<OGa. I ni-,Pa<7)^#fc 

[03 ] iimmrimm\ \zi.^^wmmm.^m- 

[ 04 ] i^m^frmm iizi-h ^wmt^m.^^-t 
mxtbh. 

[05 ] ^wmmmm^ \,z^^^^mt^m.^^t 
mxt>h, 

[06 ] ^-mfr^mmA \,z^^h^w^^wk^ 

50 [07 1 fi!*O¥#«£^>t^^^^^-r0-C3S^ . 



.1 3 

[lis J m.mc:>^^mttimtm=r-i:^^-tmT$yi>. 

10 1. nSGaAsJEii 

102 nmGa.Asy<yyrm 

103 nS(A 1 o.7Gao.3)o.5 1 no.5 

104 yy H—T(A 1 o.sGao. 5)0.5 

I no.^prm^m^ 

105a. 105b /yH— rGao.5 I no.5 

106 yyH— TGao.B I no. 4N0. 01 
Po.99^l3ta 

107 yyH— T(A 1 o.5Gao.5)o.5 
I no.5P±SP7e^jSS 

108 pS(A 1 o.7Gao.3)o.5 I no.5 
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1 0 9 

±m 

110 
111 
112 
113 
20 1 

0. 01 Po.9aW6M 
10 30 1 

40 1 
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402 

Po. 095l3tli , 
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pMGao. 5 I no. bPX/'?^ 

pMGaA sayt5'^ 
S i 02l^Mm 

yVK— 7°Gao.45 I no.sbN 
Mg 7°Gao.5 I no. 5 No. 01 
S i TGao.s I no.BPtfJ^ 
yyK— TGao.5 I no.5No.01 
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